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 ,QWURGXFWLRQ
7KH FRQVWUXFWLRQ VHFWRU DQG LWV HQHUJ\ SHUIRUPDQFH KDYH EHHQ UHFHLYLQJ D JURZLQJ DWWHQWLRQ ZRUOGZLGH >@
EHFDXVHWKLVVHFWRULVWKRXJKWWREHVWURQJO\UHVSRQVLEOHRIWKHHQHUJ\FRQVXPSWLRQLQGHYHORSHGFRXQWULHVLQWKH(8
0HPEHU 6WDWHV VSHFLILFDOO\ DV UHSRUWHG LQ WKH (QHUJ\ (IILFLHQF\ 3ODQ  >@ WKH H[LVWLQJ EXLOGLQJ VWRFN LV
EHOLHYHG WREH UHVSRQVLEOHRIRI WKH ILQDOHQHUJ\FRQVXPSWLRQJHQHUDOO\DWWULEXWDEOHWRSULPDU\ IRVVLOHQHUJ\
VRXUFHVFRQVXPSWLRQ,Q,WDO\WKHEXLOGLQJVHFWRULVLQGHHGUHVSRQVLEOHRIDSSUR[LPDWHO\RIWKHILQDOHQHUJ\
FRQVXPSWLRQLQFRQWUDVWWRWKHRIWUDQVSRUWVDQGWKHRILQGXVWU\>@
(YLGHQWO\ WKLV VLWXDWLRQ FDOOV IRUDQ LQWHUYHQWLRQ WR UHGXFHVXFK DKLJK HQHUJ\ FRQVXPSWLRQ$YLDEOH VROXWLRQ
PD\EH WKHDGRSWLRQRIQHZHIIHFWLYH LQWHUYHQWLRQVWRUHGXFH WKHEXLOGLQJV¶HQHUJ\GHPDQG IRU VSDFHKHDWLQJDQG
FRROLQJLQFOXGLQJWKHDGRSWLRQRISDVVLYHFRPSRQHQWVRIWKHEXLOGLQJHQYHORSH$PRQJLQWHUYHQWLRQVRIWKLVNLQG
YHJHWDWHGURRIVKDYHEHFRPHLQFUHDVLQJO\DWWUDFWLYHWRWKHH[SHUWVRIWKLVVHFWRUEHLQJWKLVW\SHRIFRYHULQJDEOHWR
LPSURYH WKH HQYHORSH SHUIRUPDQFH HVSHFLDOO\ LQ VXPPHU VHDVRQ >@$SDUW WKH HQHUJ\ EHQHILWV JUHHQ URRIV DUH
DVVXPHG WR LPSURYH WKH LQGRRU WKHUPDO SHUIRUPDQFH RI EXLOGLQJV HTXLSSHGZLWK WKHP >@DQGPRUHJHQHUDOO\ WR
SURYLGHHQYLURQPHQWDOEHQHILWV>@
7KH SRVLWLYH HIIHFW SURYLGHG E\ JUHHQ URRIV LV PDLQO\ GXH WR WKH FRPELQDWLRQ RI WZR IDFWRUV WKH VKDGLQJ
SHUIRUPHGE\SODQWVJURZLQJRQWKHURRIDQGWKHFRPELQHGSURFHVVRIHYDSRUDWLRQDQGWUDQVSLUDWLRQRFFXUULQJRQWKH
VRLODQGOHDYHVVXUIDFH$VDUHVXOWDUHGXFWLRQLQWKHURRIVXUIDFHWHPSHUDWXUHVPD\EHDFKLHYHGVRGHWHUPLQLQJD
ORZHUVXPPHUWKHUPDOORDGHQWHULQJWKHEXLOGLQJWKURXJKWKHURRI>@GHVSLWHLQZLQWHUVHDVRQEHQHILWVDUHQRWVR
HYLGHQW>@
8QIRUWXQDWHO\WKHUHH[LVWRQO\DIHZGDWDFROOHFWHGLQWKHILHOGDERXWWKHWKHUPDODQGHQHUJ\SHUIRUPDQFHRIWKHVH
EXLOGLQJFRPSRQHQWVHVSHFLDOO\UHIHUUHGWRWKH0HGLWHUUDQHDQFOLPDWH>@VROLPLWLQJWKHSRVVLELOLW\RIDGRSWLQJ
FRPSXWHUPRGHOV IRU DQDO\]LQJ WKH HQHUJ\ SHUIRUPDQFH RI WKHVH EXLOGLQJV7KLV VLWXDWLRQ FOHDUO\ FDOOV IRU IXUWKHU
H[SHULPHQWDOVWXGLHV
7KLV SDSHU LOOXVWUDWHV WKH GHVLJQ DQG LQVWDOODWLRQ RI DQ H[SHULPHQWDO VLWH RI WKUHH JUHHQ FRYHULQJV SDUWLFXODUO\
RXWOLQLQJWKHFKRLFHVRIPDWHULDOVDQGYHJHWDEOHHVVHQFHVPDGH3ODQQHG ILHOGPHDVXUHPHQWV WREHFDUULHGRXWDUH
DOVRGHVFULEHG)LQDOO\ILUVWUHVXOWVFRQFHUQLQJWKHIUDFWLRQDOYHJHWDWLRQFRYHUDJHVIDQGWKHOHDIDUHDLQGH[/$,
SDUDPHWHUVDUHDOVRUHSRUWHGZKLFKDUHUHOHYDQWIRUWKHHQHUJ\PRGHOLQJRIVXFKSDVVLYHEXLOGLQJV
 7KHH[SHULPHQWDOWKUHHSORWVJUHHQFRYHULQJ
7KH H[SHULPHQWDO SORW RI WKUHH GLIIHUHQW JUHHQ FRYHULQJV KDV EHHQ LQVWDOOHG UHFHQWO\ RQ WKH URRI RI WKH
³'LSDUWLPHQWR GHOO¶(QHUJLD ,QJHJQHULD GHOO¶,QIRUPD]LRQH H 0RGHOOL 0DWHPDWLFL´ '(,0 DW WKH 8QLYHUVLW\ RI
3DOHUPR
'HVFULSWLRQRIWKHSORWV
7KUHHGLIIHUHQW VXUIDFHV VHH)LJXUHRI WKHGHSDUWPHQWURRIZHUHFKRVHQHDFKRI WKHPLVFKDUDFWHUL]HGE\D
GLIIHUHQW UHVHDUFKJRDO )LUVWSORW $UHD LQ)LJXUH ZKLFK LVPDGH E\ZDONDEOH VRLO FRYHU YHJHWDEOH HVVHQFHV
VLQFHLWLVDGMDFHQWWREDOFRQLHVWKDWDOORZWKHDFFHVVWRWKHURRIRIWKHEXLOGLQJLVSDUWLFXODUO\DLPHGDWPHDVXULQJ
YHJHWDWLRQ UHODWHGSDUDPHWHUV UHOHYDQW IRU WKH FRPSXWHUPRGHOOLQJ VXFK DVVI DQG /$, 6HFRQG SORW $UHD  LQ
)LJXUHLVDLPHGDWWKHFRPSDUHGVLQJOLQJRXWRIWKHWKHUPDOEHKDYLRXURIWZRVLPLODUURRIVRQHRIWKHPHTXLSSHG
ZLWK WKH YHJHWDWHG VXUIDFHPRUH VSHFLILFDOO\ D GHFUHDVLQJ LQ WKH HQHUJ\ HOHFWULFDO FRQVXPSWLRQ IRU WKH VXPPHU
URRPFOLPDWL]DWLRQLVH[SHFWHGIRUWKHYHJHWDWHGRQHLQFRPSDULVRQZLWKWKHRQHFKDUDFWHUL]HGE\DWUDGLWLRQDOURRI
7KLUG SORW $UHD  LQ )LJXUH  ZKHUH WKUHH GLIIHUHQW NLQGV RI SODQWV W\SLFDO RI WKH0HGLWHUUDQHDQ FOLPDWH DUH
JURZQLVDLPHGDWWKHPRQLWRULQJRIWKHPRVWUHSUHVHQWDWLYHSDUDPHWHUVLQYROYHGLQWKHVLPXODWLRQRIWKHWKHUPDO
H[FKDQJHVRIWKHURRIYHJHWDWLRQOD\HUZLWKDVSHFLDODWWHQWLRQWRWKHUDGLDWLYHRQHV
7KH VWUDWLJUDSK\ RI WKH WKUHH YHJHWDWHG DUHDV LQFOXGHV WKH IROORZLQJ OD\HUV D ZDWHUSURRILQJ HOHPHQW ZKLFK
VHUYHVDOVRDVDQDQWLURRWEDUULHUELWXPHQPHPEUDQHDGUDLQDJHHOHPHQWSRO\HWK\OHQHJHRQHWWKDWLVKRWFRXSOHG
ZLWK DQRZRYHQJHRWH[WLOHZLWK ILOWHU IXQFWLRQDZDWHU VWRUDJH HOHPHQW SLOORZV ILOOHGZLWK LJURSHUOLWH D ILOWHU
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HOHPHQWDJHRWH[WLOHIHOWSRO\SURS\OHQHFDOHQGDUHGDQGDVRLOLQWKHIROORZLQJGHVFULEHG


)LJ*UHHQFRYHULQJVSRVLWLRQRQWKHGHSDUWPHQWURRI
6LQFHWKHVHFRPSRQHQWVKDYHEHHQFKRVHQGXHWRWKHLUORQJOLIHVSDQDQGKLJKWKHUPDOSHUIRUPDQFHVWKHUHVXOWLQJ
VXEVWUDWHSDFNDJHLVWKHUHIRUHSDUWLFXODUO\SHUIRUPLQJ
6XEVWUDWHDQGYHJHWDWLRQ
$VUHJDUGVWKHYHJHWDWLRQOD\HUWKHFKRLFHRIWKHYHJHWDEOHHVVHQFHVWREHSODQWHGLQWKHWKUHHDUHDVZDVFDUULHG
RXW E\ WDNLQJ LQWR DFFRXQW WKH DERYHPHQWLRQHG UHVHDUFK JRDOV 6SHFLILFDOO\ LQ WKH DUHD  )LJXUH  LWKDV EHHQ
FKRVHQWRUHDOL]HIRXUVHFWRUVGLIIHUHQWO\SODQWHGDVIROORZV6HFWRUDQG6HFWRU3KLODQRUGLIORUD6HFWRU
*D]DQLDXQLIORUDDQG6HFWRU1RYHJHWDWLRQ7KHODVWRQHLVDQDWWHPSWWRYHULI\ZKHWKHUDVSRQWDQHRXVSODQWLQJ
FRXOG RFFXU LQ WKLV ZD\ GHWHUPLQLQJ D VRUW RI XQSODQQHG JUHHQ URRI WKDW DPRQJ RWKHU WKLQJV VKRXOG EH
FKDUDFWHUL]HGE\DVLJQLILFDQWUHVLVWDQFHWRWKHORFDOFOLPDWLFFRQGLWLRQV
,QWKHDUHD)LJXUHRQHVLQJOHVSHFLHVZDVSODQWHG*D]DQLDQLYHD
,Q WKH DUHD  )LJXUH  WKUHH VHFWRUV ZHUH FRQVWUXFWHG SODQWHG DV IROORZV 6HFWRU  6HGXP 6HFWRU 
0HVHPEU\DQWKHPXPEDUEDWXVDQG6HFWRU$SWHQLDODQFLIROLD
7R DFKLHYH D KLJK DQG TXLFN YHJHWDWLRQ FRYHUDJH LQ WKH WKUHH DUHDV JURZQ YHJHWDWHG HVVHQFHV ZHUH DGRSWHG
UDWKHUWKDQGLUHFWO\SODQWLQJWKHLUVFLRQV)LJXUHVKRZVWKHWKUHHYHJHWDWHGDUHDVLQWKHLUFXUUHQWVWDWXV
$V UHJDUGV WKH VRLO LW LV DPL[ RI SHDW ODSLOOXV SXPLFH]HROLWH DQG VORZ UHOHDVLQJ IHUWLOL]HUV DQG LV LQIHVWLQJ
ZHHGVIUHH7ZRGLIIHUHQWVXEVWUDWHWKLFNQHVVHVZHUHVLQJOHGRXWRQHIRUWKHFRYHUVRLOSODQWVORFDWHGLQDUHDVDQG
FPDQGRQHIRU6HGXPVSHFLHVORFDWHGLQDUHDFP7KHLUULJDWLRQVHOHFWHGIRUWKHWKUHHDUHDVLVDGURS
RQHGXH WRWKHKLJKHUXQLIRUPLW\RIZDWHUSURYLVLRQWR WKHSODQWVDOORZHGE\ WKLVNLQGRI V\VWHP WKDW VKRXOGDOVR
IDFLOLWDWHWKHJURZWKRIWKHVSHFLHVGHVSLWHWKHOLPLWHGVXEVWUDWHV¶WKLFNQHVVHV
,QVWUXPHQWDWLRQ
%\ PHDQV RI SURSHU VHQVRUV DQG D GDWDORJJHU VRPH UHOHYDQW SK\VLFDO SDUDPHWHUV FRQFHUQLQJ WKH LQGRRU
FRQGLWLRQV ZLOO EH GHWHFWHG 3DUWLFXODUO\ DLU WHPSHUDWXUH DQG KXPLGLW\ PHDQ UDGLDQW WHPSHUDWXUH DLU YHORFLW\
YHUWLFDOORFDOGLVFRPIRUWDQGDQNOHOHYHOGLVFRPIRUWZLOOEHPRQLWRUHG
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$UHD $UHD $UHD
)LJ7KUHHEXLOWJUHHQFRYHULQJV
7KHWKHUPDOIORZWKURXJKWKHURRIZLOOEHUHYHDOHGE\PHDQVRIDSODWHWKHUPRIORZPHWHU,QDGGLWLRQLQRUGHU
RI FRSLQJZLWK WKH SUREOHPRI WKHDEVHQFH RI ³LQILHOG´GDWD VRPHSDUDPHWHUV UHSUHVHQWDWLYH RI WKH LQWHUFDQRS\
WKHUPDOH[FKDQJHVZLOOEHGHWHFWHG7DEOHIRUWZRRIWKHPILUVWUHVXOWVDUHDOVRSURYLGHGKHUH
7DEOH7KHUPRSK\VLFDOSDUDPHWHUVLQWHQGHGWREHPRQLWRUHGDQGUHODWLYHH[SHFWHGLQVWUXPHQWDWLRQ
3DUDPHWHUVWREHPHDVXUHG 7KHUPDOH[FKDQJHSKHQRPHQD ,QVWUXPHQWDWLRQDQGPHWKRGVWREHXVHG
/HDIDUHDLQGH[>@
3DUDPHWHUVUHODWHGWRWKHVWUXFWXUHDQG
DUFKLWHFWXUHFDQRS\XVHGWRPRGHOWKH
UDGLDWLYHVKRUWZDYHDQGORQJZDYHDQG
FRQYHFWLYHH[FKDQJHDQGWKHODWHQWKHDW
H[FKDQJHGXHWRWUDQVSLUDWLRQ
/HDIDUHDPHWHUDQGFDOFXODWLRQRIWKH
QXPEHURIOHDYHVFRQWDLQHGLQDYROXPH
FKDUDFWHUL]HGE\DXQLWDU\EDVLV
)UDFWLRQDOYHJHWDWLRQFRYHUDJH
>@
3KRWRFDPHUDDQGLPDJHSURFHVVLQJ
VRIWZDUH
/HDIWLVVXHWUDQVPLWWDQFHDQG
UHIOHFWDQFH>@
/HDIRSWLFDOSURSHUWLHVDUHUHTXLUHGWRPRGHO
WKHVKRUWZDYHUDGLDWLYHH[FKDQJH 6SHFWURSKRWRPHWHU
,QFRPLQJVKRUWZDYHDQG
ORQJZDYHUDGLDWLRQUHIOHFWHG
VKRUWZDYHDQGORQJZDYH
UDGLDWLRQ>@
3DUDPHWHUVLQYROYHGLQWKHQHWUDGLDWLYH
H[FKDQJHDQGFDQRS\DQGVRLODOEHGR 1HWUDGLRPHWHU
&OLPDWLFSDUDPHWHUVRXWVLGH
DQGZLWKLQWKHFDQRS\ZLQG
YHORFLW\WHPSHUDWXUHUHODWLYH
KXPLGLW\UDLQIDOO
3DUDPHWHUVQHHGHGWRVLPXODWHWKHKHDW
H[FKDQJHGE\FRQYHFWLRQDQGWKHODWHQWKHDW
H[FKDQJHGGXHWRWUDQVSLUDWLRQ
:HDWKHUVWDWLRQ
$LUWHPSHUDWXUHZLWKLQWKHFDQRS\
WKHUPRFRXSOHVDLUYHORFLW\ZLWKLQWKH
FDQRS\KRWZLUHDQHPRPHWHU
6RLOZDWHUFRQWHQW>@ 3DUDPHWHUUHTXLUHGWRHVWLPDWHWKHVRLOWKHUPDOFRQGXFWLELOLW\ 6HQVRUVDWGLIIHUHQWVWUDWLJUDSK\¶VGHSWKV
/HDIVWRPDWDOUHVLVWDQFH
WUDQVSLUDWLRQUDWLR>@
3DUDPHWHUVLQYROYHGLQWKHODWHQWKHDW
H[FKDQJHUHIHUUHGWRWKHWUDQVSLUDWLRQ
FRQWULEXWLRQ
,QVWUXPHQWWRPHDVXUHWKHJDVHRXV
H[FKDQJHVRIOHDYHV&2+2
9DULDWLRQRIWKHZDWHUFRQWHQW
RIWKHV\VWHPVRLOYHJHWDWLRQ
>@
7KHNQRZOHGJHRIWKLVSDUDPHWHUDOORZVWR
HVWLPDWHWKHHYDSRWUDVSLUDWLRQ
$V\VWHPDGKRFEXLOWIRUFRQWLQXRXV
PHDVXUHPHQWRIZHLJKWDQGDV\VWHPWR
PHDVXUHWKHZDWHUGUDLQHGE\WKHURRI
$OVR D VHW RI WKHUPRFRXSOHV ZLOO EH XVHG WR PHDVXUH WKH WHPSHUDWXUH SURILOH DW GLIIHUHQW GHSWKV RI WKH
VWUDWLJUDSK\
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 )LUVWUHVXOWV
/$,DQGVIZHUHUHJLVWHUHGGXULQJWKHH[SHULPHQW$VUHJDUGV/$,>@GLPHQVLRQOHVVLWLVGHILQHGDVWKHKDOIRI
WKHWRWDOSODQWOHDIVXUIDFHIRUHDFKXQLWRIVXUIDFHDQGLVDSDUDPHWHUH[WUHPHO\FKDQJHDEOH,WGHSHQGVRQVSHFLHV
SODQWJURZWKJURXQGFRYHUSODQWSKHQRORJ\HWF7KHUHDUHPDQ\PHWKRGVWRGHWHUPLQH/$,7KHPHWKRGWKDWZH
XVHGLVEDVHGRQDGHVWUR\LQJSURFHGXUH WKHSODQWZDVGHIROLDWHGDQGOHDYHVZHUHPHDVXUHGE\D OHDIDUHDPHWHU
³:,Q',$6´,PDJH$QDO\VLV6\VWHP'(/7$7'(9,&(6/7'%XUZHOO&DPEULGJH(QJODQG1R/$,GDWD
ZHUHFDOFXODWHGIRU0HVHPEU\DQWKHPXPEEHFDXVHRISDUWLFXODUF\OLQGULFDOVKDSHRILWVOHDI/$,ZDVFDOFXODWHGRQ
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